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HHHHuuuummmmaaaannnn    aaaannnndddd    TTTTeeeeaaaammmm    MMMMooooddddeeeelllliiiinnnnggggHHHHuuuummmmaaaannnn    aaaannnndddd    TTTTeeeeaaaammmm    MMMMooooddddeeeelllliiiinnnngggg

RRRRooooggggeeeerrrr    RRRReeeemmmmiiiinnnnggggttttoooonnnn
NNNNAAAASSSSAAAA    AAAAmmmmeeeessss    RRRReeeesssseeeeaaaarrrrcccchhhh    CCCCeeeennnntttteeeerrrr

VVVVAAAAMMMMSSSS    TTTTIIIIMMMM    ��������
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OOOOuuuuttttlllliiiinnnneeee

GGGGooooaaaallllssss    aaaannnndddd    rrrreeeeqqqquuuuiiiirrrreeeemmmmeeeennnnttttssss
AAAApppppppprrrrooooaaaacccchhhh    ttttoooo    hhhhuuuummmmaaaannnn    ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    mmmmooooddddeeeelllliiiinnnngggg
MMMMiiiilllleeeessssttttoooonnnneeeessss    aaaaccccccccoooommmmpppplllliiiisssshhhheeeedddd    iiiinnnn    FFFFYYYY''''��������
OOOOuuuuttttyyyyeeeeaaaarrrr    mmmmiiiilllleeeessssttttoooonnnneeeessss
QQQQuuuueeeessssttttiiiioooonnnnssss    aaaannnndddd    ccccoooommmmmmmmeeeennnnttttssss
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GGGGooooaaaallllssss

PPPPrrrroooovvvviiiiddddeeee    mmmmooooddddeeeellllssss    ooooffff    hhhhuuuummmmaaaannnn    ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    tttthhhhaaaatttt    ccccaaaannnn    bbbbeeee    uuuusssseeeedddd
iiiinnnn    ffffaaaasssstttt����ttttiiiimmmmeeee    ssssiiiimmmmuuuullllaaaattttiiiioooonnnn    eeeevvvvaaaalllluuuuaaaattttiiiioooonnnnssss    ooooffff    aaaaiiiirrrrssssppppaaaacccceeee
ccccoooonnnncccceeeeppppttttssss

PPPPrrrroooovvvviiiiddddeeee    ssssooooffffttttwwwwaaaarrrreeee    aaaaggggeeeennnnttttssss    ffffoooorrrr    uuuusssseeee    iiiinnnn    rrrreeeeaaaallll����ttttiiiimmmmeeee    ssssiiiimmmmuuuullllaaaattttiiiioooonnnnssss

DDDDeeeevvvveeeelllloooopppp    aaaa    ccccoooommmmppppuuuuttttaaaattttiiiioooonnnnaaaallll    aaaarrrrcccchhhhiiiitttteeeeccccttttuuuurrrreeee    tttthhhhaaaatttt    ssssuuuuppppppppoooorrrrttttssss
rrrraaaappppiiiidddd    ccccoooonnnnffffiiiigggguuuurrrraaaabbbbiiiilllliiiittttyyyy����    pppprrrroooommmmoooottttiiiinnnngggg    tttthhhheeee    rrrreeeeuuuusssseeee    ooooffff    ssssooooffffttttwwwwaaaarrrreeee
mmmmoooodddduuuulllleeeessss    aaaaccccrrrroooossssssss    sssscccceeeennnnaaaarrrriiiioooossss
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WWWWhhhhaaaatttt    MMMMooooddddeeeelllliiiinnnngggg    &&&&    SSSSiiiimmmmuuuullllaaaattttiiiioooonnnn
NNNNeeeeeeeeddddssss    ttttoooo    AAAAddddddddrrrreeeessssssss

EEEExxxxiiiissssttttiiiinnnngggg    AAAATTTTMMMM    FFFFrrrraaaammmmeeeewwwwoooorrrrkkkk
– Aircraft
– ATC
– System Command Center
– Airline Operations Center
– System operations

• CCCCaaaappppaaaacccciiiittttyyyy����    ddddeeeellllaaaayyyyssss
• SSSSeeeeccccttttoooorrrr    &&&&    rrrroooouuuutttteeee    ssssttttrrrruuuuccccttttuuuurrrreeeessss
• PPPPllllaaaannnnnnnniiiinnnngggg
• EEEEqqqquuuuiiiippppaaaaggggeeee
• CCCCoooonnnnssssttttrrrraaaaiiiinnnnttttssss

IIIInnnnnnnnoooovvvvaaaattttiiiioooonnnnssss
– CNS Technology
– Broader access to information
– Distributed management
– Flexibility
– Automation

IIIImmmmppppaaaaccccttttssss
– Safety
– Security
– Environment
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RRRReeeeqqqquuuuiiiirrrreeeemmmmeeeennnnttttssss    ffffoooorrrr    HHHHuuuummmmaaaannnn    aaaannnndddd    TTTTeeeeaaaammmm
MMMMooooddddeeeelllliiiinnnngggg

MMMMooooddddeeeellll    ooooppppeeeerrrraaaattttiiiioooonnnnaaaallllllllyyyy
rrrreeeelllleeeevvvvaaaannnntttt    aaaaggggeeeennnnttttssss    aaaannnndddd
ffffuuuunnnnccccttttiiiioooonnnnssss

– Aircrews
– Air traffic controllers
– Dispatchers

MMMMaaaakkkkeeee    ooooppppeeeerrrraaaattttiiiioooonnnnaaaallllllllyyyy    uuuusssseeeeffffuuuullll
pppprrrreeeeddddiiiiccccttttiiiioooonnnnssss

– System throughput
(capacity)

– Error consequences and
recovery

– Sensitivity to deviations from
nominal human performance

SSSSiiiimmmmuuuullllaaaatttteeee    ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    iiiinnnn
eeeexxxxtttteeeerrrrnnnnaaaallll    ssssiiiimmmmuuuullllaaaattttiiiioooonnnn
eeeennnnvvvviiiirrrroooonnnnmmmmeeeennnnttttssss

– HLA compatible modeling
toolkit

– Software agents for real�time

MMMMooooddddeeeellll    tttteeeeaaaammmm    ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee
cccchhhhaaaarrrraaaacccctttteeeerrrriiiissssttttiiiiccccssss

– Distributed decision making
– Communications
– Characteristics of supervisory

control involving other
humans or highly automated
systems
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CCCCoooonnnncccceeeeppppttttssss
SSSSyyyysssstttteeeemmmm    LLLLeeeevvvveeeellll    CCCCoooonnnncccceeeeppppttttssss

– All Weather Maximum Capacity Concept
– Massive Point�to�Point (PTP) & On�Demand Air Transportation

System Investigation
– Air Transportation System Capacity�Increasing Concepts Research

Proposal
– Concepts for System�wide Optimization

DDDDoooommmmaaaaiiiinnnn    SSSSppppeeeecccciiiiffffiiiicccc    CCCCoooonnnncccceeeeppppttttssss
– Capacity Improvements Through Automated Surface Traffic Control

(Surface)
– Surface Operation Automated Research (Surface)
– Centralized Terminal Operation Control (Terminal)
– Terminal Area Capacity Enhancement Concept (Terminal)
– Advanced Airspace Concept (Enroute)
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AAAApppppppprrrrooooaaaacccchhhhAAAApppppppprrrrooooaaaacccchhhh
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CCCCoooommmmpppplllleeeexxxx    ddddyyyynnnnaaaammmmiiiicccc    eeeennnnvvvviiiirrrroooonnnnmmmmeeeennnnttttssss

Time Pressure:    UUUUsssseeeerrrrssss    mmmmuuuusssstttt    mmmmaaaakkkkeeee    ttttiiiimmmmeeeellllyyyy    iiiinnnnppppuuuuttttssss
Multitasking::::    UUUUsssseeeerrrrssss    jjjjuuuugggggggglllleeee    mmmmuuuullllttttiiiipppplllleeee    ttttaaaasssskkkkssss
Predictability::::        SSSSiiiimmmmiiiillllaaaarrrr    ppppaaaatttttttteeeerrrrnnnnssss    ooooccccccccuuuurrrr    oooovvvveeeerrrr    ttttiiiimmmmeeee
Unpredictability::::        IIIInnnntttteeeerrrrrrrruuuuppppttttiiiioooonnnnssss    ooooccccccccuuuurrrr
Mixed�initiative::::        DDDDeeeecccciiiissssiiiioooonnnn    aaaauuuutttthhhhoooorrrriiiittttyyyy    ddddiiiissssttttrrrriiiibbbbuuuutttteeeedddd����    iiiinnnncccclllluuuuddddeeeessss

ooootttthhhheeeerrrr    uuuusssseeeerrrrssss    aaaannnndddd    aaaauuuuttttoooommmmaaaatttteeeedddd    ssssyyyysssstttteeeemmmmssss
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RRRReeeessssoooouuuurrrrcccceeee    AAAAllllllllooooccccaaaattttiiiioooonnnn

AAAA    mmmmuuuullllttttiiii����ttttaaaasssskkkkiiiinnnngggg    aaaaggggeeeennnntttt    mmmmuuuusssstttt    aaaallllllllooooccccaaaatttteeee    rrrreeeessssoooouuuurrrrcccceeeessss
pppprrrrooooaaaaccccttttiiiivvvveeeellllyyyy    aaaannnndddd    rrrreeeeaaaaccccttttiiiivvvveeeellllyyyy

– Mechanisms for task suspension and recovery
– Mechanisms for parallel task execution subject to resource

constraints and logical dependencies

TTTThhhheeeesssseeee    mmmmeeeecccchhhhaaaannnniiiissssmmmmssss    aaaarrrreeee    aaaallllssssoooo    iiiimmmmppppoooorrrrttttaaaannnntttt    ffffoooorrrr    HHHHCCCCIIII
pppprrrreeeeddddiiiiccccttttiiiioooonnnnssss    tttthhhhaaaatttt    aaaarrrriiiisssseeee    ffffrrrroooommmm    tttthhhheeee    iiiinnnntttteeeerrrrlllleeeeaaaavvvviiiinnnngggg    ooooffff
pppprrrriiiimmmmiiiittttiiiivvvveeee    ccccooooggggnnnniiiittttiiiivvvveeee����    ppppeeeerrrrcccceeeeppppttttuuuuaaaallll����    &&&&    mmmmoooottttoooorrrr    aaaaccccttttssss
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MMMMoooottttiiiivvvvaaaattttiiiioooonnnnssss

CCCCoooonnnnssssttttrrrruuuucccctttt    aaaa    mmmmooooddddeeeelllliiiinnnngggg    ssssyyyysssstttteeeemmmm    tttthhhhaaaatttt    ccccaaaannnn    mmmmaaaakkkkeeee    uuuusssseeeeffffuuuullll
pppprrrreeeeddddiiiiccccttttiiiioooonnnnssss    aaaabbbboooouuuutttt    sssskkkkiiiilllllllleeeedddd    ooooppppeeeerrrraaaattttoooorrrr    bbbbeeeehhhhaaaavvvviiiioooorrrr    iiiinnnn
ccccoooommmmpppplllleeeexxxx    ddddyyyynnnnaaaammmmiiiicccc    eeeennnnvvvviiiirrrroooonnnnmmmmeeeennnnttttssss

MMMMaaaakkkkeeee    ccccooooggggnnnniiiittttiiiivvvveeee    mmmmooooddddeeeelllliiiinnnngggg    mmmmoooorrrreeee    aaaacccccccceeeessssssssiiiibbbblllleeee    ttttoooo    nnnnoooonnnn����
ssssppppeeeecccciiiiaaaalllliiiissssttttssss����    eeeessssppppeeeecccciiiiaaaallllllllyyyy    iiiinnnn    tttthhhheeee    ddddeeeessssiiiiggggnnnn    pppphhhhaaaasssseeee

– Reduce model development time
– Simplified cognitive architecture
– Reusable packets of psychological theory that can attach to a

standard task analysis (templates)
– Focus on routine� well�learned behavior
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UUUUssssaaaabbbbiiiilllliiiittttyyyy    AAAAnnnnaaaallllyyyyssssiiiissss

Knowledge of how to use

Anticipating FMS
behavior

Routine Use

Situation Awareness

Route planning� entry� and modification 
using Flight Management System (FMS)
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UUUUssssaaaabbbbiiiilllliiiittttyyyy    AAAAnnnnaaaallllyyyyssssiiiissss

Knows what she wants to do

Knows how to do it

Is not confused about FMS
state or behavior

HHHHoooowwww    eeeeaaaassssyyyy    iiiissss    tttthhhheeee    ssssyyyysssstttteeeemmmm    ttttoooo    uuuusssseeee????
–    Time
– Effect on concurrent tasks

Skilled operator
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UUUUssssaaaabbbbiiiilllliiiittttyyyy    AAAAnnnnaaaallllyyyyssssiiiissss

Expert Consultants

Human Factors
Guidelines & Handbooks

Informal Usability Testing

Part�Task Experiments

Full�Mission Simulation

Casual Observation

MMMMooooddddeeeelllliiiinnnngggg    aaaa    sssskkkkiiiilllllllleeeedddd    uuuusssseeeerrrr    
iiiinnnn    rrrroooouuuuttttiiiinnnneeee    iiiinnnntttteeeerrrraaaaccccttttiiiioooonnnn
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AAAAppppeeeexxxx    aaaannnndddd    CCCCPPPPMMMM����GGGGOOOOMMMMSSSS

CPM-GOMS

CCCCoooommmmppppuuuuttttaaaattttiiiioooonnnnaaaallll    AAAArrrrcccchhhhiiiitttteeeeccccttttuuuurrrreeee    ffffoooorrrr
HHHHuuuummmmaaaannnn    PPPPeeeerrrrffffoooorrrrmmmmaaaannnncccceeee
MMMMooooddddeeeelllliiiinnnngggg

– Task Representation
Language

– Human Resources
– Resource Scheduler

SSSSooooffffttttwwwwaaaarrrreeee    SSSSyyyysssstttteeeemmmm    IIIImmmmpppplllleeeemmmmeeeennnntttteeeedddd
iiiinnnn    LLLLiiiisssspppp

NNNNoooo    bbbbuuuuiiiilllltttt����iiiinnnn    tttthhhheeeeoooorrrryyyy    ooooffff    HHHHuuuummmmaaaannnn
RRRReeeessssoooouuuurrrrcccceeee    IIIInnnntttteeeerrrraaaaccccttttiiiioooonnnn

MMMMeeeetttthhhhooooddddoooollllooooggggyyyy    ffffoooorrrr    HHHHuuuummmmaaaannnn
PPPPeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    MMMMooooddddeeeelllliiiinnnngggg

– Task Analysis Method
(Goals� Operators� Methods�
Selection)

NNNNoooo    SSSSooooffffttttwwwwaaaarrrreeee    IIIImmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn
NNNNoooo    aaaauuuuttttoooommmmaaaattttiiiicccc    rrrreeeessssoooouuuurrrrcccceeee

sssscccchhhheeeedddduuuulllliiiinnnngggg
TTTThhhheeeeoooorrrryyyy    ooooffff    HHHHuuuummmmaaaannnn    RRRReeeessssoooouuuurrrrcccceeeessss

((((CCCCooooggggnnnniiiittttiiiivvvveeee����    PPPPeeeerrrrcccceeeeppppttttuuuuaaaallll����
MMMMoooottttoooorrrr))))
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AAAAppppeeeexxxx    aaaapppppppprrrrooooaaaacccchhhh

AAAAppppeeeexxxx    ssssiiiimmmmuuuullllaaaatttteeeessss    aaaannnn    aaaaggggeeeennnntttt    ppppllllaaaannnnnnnniiiinnnngggg    aaaannnndddd    sssscccchhhheeeedddduuuulllliiiinnnngggg    iiiittttssss
lllliiiimmmmiiiitttteeeedddd    rrrreeeessssoooouuuurrrrcccceeeessss    ttttoooo    aaaaccccccccoooommmmpppplllliiiisssshhhh    mmmmuuuullllttttiiiipppplllleeee    ttttaaaasssskkkk    ggggooooaaaallllssss

KKKKnnnnoooowwwwlllleeeeddddggggeeee    iiiissss    rrrreeeepppprrrreeeesssseeeennnntttteeeedddd    aaaassss    pppprrrroooocccceeeedddduuuurrrreeeessss

IIIItttt’’’’ssss        iiiinnnntttteeeennnnddddeeeedddd    ttttoooo    bbbbeeee    aaaa    fffflllleeeexxxxiiiibbbblllleeee    aaaarrrrcccchhhhiiiitttteeeeccccttttuuuurrrreeee    tttthhhhaaaatttt    aaaalllllllloooowwwwssss
tttthhhheeee    mmmmooooddddeeeelllleeeerrrr    ttttoooo    iiiimmmmpppplllleeeemmmmeeeennnntttt    aaaa    tttthhhheeeeoooorrrryyyy    tttthhhhaaaatttt    ssssppppeeeecccciiiiffffiiiieeeessss    tttthhhheeee
ccccoooonnnnssssttttrrrraaaaiiiinnnnttttssss    oooonnnn    ppppaaaarrrraaaalllllllleeeellll    eeeexxxxeeeeccccuuuuttttiiiioooonnnn    ooooffff    pppprrrroooocccceeeedddduuuurrrreeeessss
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TTTThhhheeee    AAAAppppeeeexxxx    AAAArrrrcccchhhhiiiitttteeeeccccttttuuuurrrreeee

SSSSiiiimmmm----
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TTTTaaaasssskkkk    ((((GGGGooooaaaallll))))    DDDDeeeeccccoooommmmppppoooossssiiiittttiiiioooonnnn

Reactive planner
– Sketchy plans
– Hierarchical task decomposition
– Multitasking (Interruption)

Maximizes parallel processing
– Resource constraints
– Data dependencies

A Language for representing
domain and human models

– Procedure Definition Language (PDL)

AAAAccccttttiiiioooonnnn    SSSSeeeelllleeeeccccttttiiiioooonnnn    AAAArrrrcccchhhhiiiitttteeeeccccttttuuuurrrreeee
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GGGG
OOOO
AAAA
LLLL
SSSS

OOOO
PPPP
EEEE
RRRR
AAAA
TTTT
OOOO
RRRR
SSSS

MMMM
EEEE
TTTT
HHHH
OOOO
DDDD
SSSS

SSSS
EEEE
LLLL
EEEE
CCCC
TTTT
IIII
OOOO
NNNN
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GGGGOOOOMMMMSSSS    CCCCoooommmmppppoooonnnneeeennnnttttssss

TTTTaaaasssskkkk    AAAAnnnnaaaallllyyyyssssiiiissss
– GGGGooooaaaallllssss: Tasks decompose into nested hierarchy of goals and

subgoals
– OOOOppppeeeerrrraaaattttoooorrrrssss: Hierarchy terminates in operators� whose actions

cause transitions between states
– MMMMeeeetttthhhhooooddddssss: Sequences of operators executed to accomplish a

set of subgoals
– SSSSeeeelllleeeeccccttttiiiioooonnnn    RRRRuuuulllleeeessss: Rules that determine which method to use

PPPPeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    CCCCoooommmmppppuuuuttttaaaattttiiiioooonnnn
– Operator execution takes time
– Sequence of operators determines sequence of overt

behaviors and task time
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VVVVaaaarrrriiiieeeettttiiiieeeessss    ooooffff    GGGGOOOOMMMMSSSS
KKKKeeeeyyyyssssttttrrrrooookkkkeeee����LLLLeeeevvvveeeellll����MMMMooooddddeeeellll    ((((KKKKLLLLMMMM))))

– Flat task structure
– Mentally prepare coupled with primitive

CCCCaaaarrrrdddd����MMMMoooorrrraaaannnn����NNNNeeeewwwweeeellllllll    GGGGOOOOMMMMSSSS    ((((CCCCMMMMNNNN����GGGGOOOOMMMMSSSS))))
– Hierarchical goal decomposition
– Primitive operators in task domain (e�g� move mouse)

CCCCooooggggnnnniiiittttiiiivvvveeee����PPPPeeeerrrrcccceeeeppppttttuuuuaaaallll����MMMMoooottttoooorrrr    ((((CCCCPPPPMMMM����GGGGOOOOMMMMSSSS))))
– Combines hierarchical goal decomposition with primitive CPM

resources based on Model Human Processor
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GGGGooooaaaallll    ooooffff    CCCCPPPPMMMM����GGGGOOOOMMMMSSSS
MMMMooooddddeeeellll    tttthhhheeee    ttttiiiimmmmeeee    ffffoooorrrr    hhhhiiiigggghhhhllllyyyy    sssskkkkiiiilllllllleeeedddd    ppppeeeeoooopppplllleeee    ttttoooo    aaaaccccccccoooommmmpppplllliiiisssshhhh

ttttaaaasssskkkkssss    bbbbyyyy    uuuussssiiiinnnngggg    mmmmeeeetttthhhhooooddddssss    mmmmaaaaddddeeee    uuuupppp    ooooffff    eeeelllleeeemmmmeeeennnnttttaaaarrrryyyy
CCCCooooggggnnnniiiittttiiiivvvveeee����    PPPPeeeerrrrcccceeeeppppttttuuuuaaaallll����    aaaannnndddd    MMMMoooottttoooorrrr    ooooppppeeeerrrraaaattttoooorrrrssss

CCCCrrrreeeeaaaatttteeee    ccccooooggggnnnniiiittttiiiivvvveeeellllyyyy����ppppllllaaaauuuussssiiiibbbblllleeee����    rrrreeeeuuuussssaaaabbbblllleeee    ““““tttteeeemmmmppppllllaaaatttteeeessss””””    tttthhhhaaaatttt
ccccaaaappppttttuuuurrrreeee    tttthhhheeee    ppppaaaarrrraaaalllllllleeeelllliiiissssmmmm    aaaannnndddd    ccccoooonnnnssssttttrrrraaaaiiiinnnnttttssss    iiiinnnn    tttthhhheeeesssseeee
mmmmeeeetttthhhhooooddddssss

IIIInnnntttteeeeggggrrrraaaatttteeee    tttteeeemmmmppppllllaaaatttteeeessss    iiiinnnnttttoooo    aaaa    mmmmooooddddeeeellll    tttthhhhaaaatttt    aaaalllllllloooowwwwssss
pppprrrreeeeddddiiiiccccttttiiiioooonnnnssss    ttttoooo    fffflllloooowwww    ffffrrrroooommmm    aaaa    CCCCMMMMNNNN����GGGGOOOOMMMMSSSS    ttttaaaasssskkkk    hhhhiiiieeeerrrraaaarrrrcccchhhhyyyy

– Shield the analyst from the complexity of templates
– Keep the analyst in the task domain
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““““HHHHiiiigggghhhhllllyyyy    SSSSkkkkiiiilllllllleeeedddd””””

KKKKLLLLMMMM    aaaannnndddd    CCCCMMMMNNNN����GGGGOOOOMMMMSSSS    pppprrrreeeeddddiiiicccctttt    hhhhuuuummmmaaaannnn    bbbbeeeehhhhaaaavvvviiiioooorrrr    wwwweeeellllllll
– When the user knows the procedures of a domain well and is

presented with a new task
– When operators can be assumed to work sequentially

CCCCPPPPMMMM����GGGGOOOOMMMMSSSS    iiiissss    nnnneeeeeeeeddddeeeedddd
– When task becomes so routine that users perform activities in

parallel to achieve faster execution time
– Examples in the lab:

• CCCCaaaarrrrdddd����    MMMMoooorrrraaaannnn    &&&&    NNNNeeeewwwweeeellllllll����    ��������				



����    CCCChhhhaaaapppptttteeeerrrr    				����    SSSSeeeeccccttttiiiioooonnnn    ����������������    TTTTeeeexxxxtttt    eeeeddddiiiittttiiiinnnngggg
• BBBBaaaasssskkkkiiiinnnn    &&&&    JJJJoooohhhhnnnn����    ������������				    ��������    CCCCAAAADDDD
• JJJJoooohhhhnnnn����    eeeetttt����    aaaallll��������    ����������������    ��������    AAAATTTTMMMM

– Example in the field
• GGGGrrrraaaayyyy����    eeeetttt����    aaaallll��������    ������������



    ��������    PPPPrrrroooojjjjeeeecccctttt    EEEErrrrnnnneeeessssttttiiiinnnneeee::::    tttteeeelllleeeepppphhhhoooonnnneeee    ooooppppeeeerrrraaaattttoooorrrr
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PPPPrrrroooojjjjeeeecccctttt    EEEErrrrnnnneeeessssttttiiiinnnneeee

CPM-GOMS: Perhaps the most
successful HCI technique.

Project Ernestine: application of
CPM-GOMS saved Bell Atlantic
millions of dollars per year

Gray, John, & Atwood (1993)
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AAAATTTTMMMM    SSSSttttuuuuddddyyyy
• 2 subjects 
• 200 trials each

Steps:

Insert card (click card slot)
Enter PIN (4901)
Press OK
Select transaction type (withdraw)
Select account (checking)
Enter amount (80)
Press if correct/not correct? (correct)
Take cash (click cash slot)
Other Transaction (no)
Take card (click card slot)
Take receipt (click cash slot)
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SSSSuuuubbbbjjjjeeeecccctttt    MMMMoooovvvveeee����aaaannnndddd����CCCClllliiiicccckkkk    TTTTiiiimmmmeeeessss
 

0

200

400

600

800

1000

1200

1400
C

ar
d 

S
lo

t 4 9 0 1

O
K

W
ith

d
ra

w

C
he

ck
in

g 8 0

C
o

rr
e

ct

C
as

h 
S

lo
t

N
o

C
ar

d 
S

lo
t

C
as

h 
S

lo
t

T
im

e 
(m

s)

No�Interleaving Model
Fitts's Law
CPM�GOMS Model
S�� Mean for Trials ������
S�� Mean for Trials ������

TTTT iiii
mmmm

eeee     
(((( mmmm

ssss ))))

CCCC aaaa
rrrr dddd

    SSSS
llll oooo

tttt ���� ���� ���� ����

OOOO
KKKK

WWWW
iiii tttt h

hhh dddd
rrrr aaaa

wwww

CCCC hhhh
eeee cccc

kkkk iiii
nnnn gggg 				 ����

CCCC oooo
rrrr rrrr

eeee cccc
tttt

CCCC aaaa
ssss hhhh

    SSSS
llll oooo

tttt

NNNN
oooo

CCCC aaaa
rrrr dddd

    SSSS
llll oooo

tttt

CCCC aaaa
ssss hhhh

    SSSS
llll oooo

tttt



28 August 2002 VAMS TIM #2 26

MMMMooooddddeeeelllliiiinnnngggg    wwwwiiiitttthhhh    TTTTeeeemmmmppppllllaaaatttteeeessss

TTTTeeeemmmmppppllllaaaatttteeeessss    aaaarrrreeee    mmmmooooddddeeeellllssss    ooooffff    ssssmmmmaaaallllllll    uuuunnnniiiittttssss    ooooffff    bbbbeeeehhhhaaaavvvviiiioooorrrr    aaaatttt    tttthhhheeee
lllleeeevvvveeeellll    ooooffff    CCCCooooggggnnnniiiittttiiiivvvveeee����    PPPPeeeerrrrcccceeeeppppttttuuuuaaaallll����    aaaannnndddd    MMMMoooottttoooorrrr    rrrreeeessssoooouuuurrrrcccceeeessss

– Button pressing
– Mouse move�and�click
– Typing

AAAAlllllllloooowwww    lllloooonnnngggg    sssseeeeqqqquuuueeeennnncccceeeessss    ooooffff    bbbbeeeehhhhaaaavvvviiiioooorrrr    ttttoooo    bbbbeeee    ccccoooonnnnssssttttrrrruuuucccctttteeeedddd    ffffrrrroooommmm
ssssmmmmaaaallllllll    uuuunnnniiiitttt    ttttaaaasssskkkkssss

AAAAlllllllloooowwww    ggggeeeennnneeeerrrraaaalllliiiittttyyyy    aaaaccccrrrroooossssssss    ttttaaaasssskkkk    ddddoooommmmaaaaiiiinnnnssss
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TTTTeeeemmmmppppllllaaaatttteeeessss    ffffoooorrrr    MMMMoooovvvviiiinnnngggg    aaaannnndddd    CCCClllliiiicccckkkkiiiinnnngggg
MMMMiiiicccceeee

IIIIddddeeeennnnttttiiiiffffiiiieeeedddd    ddddiiiissssttttiiiinnnncccctttt    mmmmiiiiccccrrrroooo����ssssttttrrrraaaatttteeeeggggiiiieeeessss    tttthhhhaaaatttt    aaaarrrriiiisssseeee    wwwwiiiitttthhhh
pppprrrraaaaccccttttiiiicccceeee    iiiinnnn    rrrreeeeppppeeeettttiiiittttiiiivvvveeee    ppppeeeerrrrcccceeeeppppttttuuuuaaaallll����mmmmoooottttoooorrrr    ttttaaaasssskkkkssss

DDDDeeeevvvveeeellllooooppppeeeedddd    tttteeeemmmmppppllllaaaatttteeeessss    tttthhhhaaaatttt    mmmmooooddddeeeellll    mmmmoooouuuusssseeee    mmmmoooovvvveeee����aaaannnndddd����cccclllliiiicccckkkk
mmmmiiiiccccrrrroooo����ssssttttrrrraaaatttteeeeggggiiiieeeessss

– Slow mouse�move�and�click
– Fast mouse�move�and�click

GGGGrrrraaaayyyy    &&&&    BBBBooooeeeehhhhmmmm����DDDDaaaavvvviiiissss    ((((����������������))))
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545 (Fitt's Law)

operators required
to verify that cursor
is in button
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CCCCoooonnnnssssttttrrrruuuuccccttttiiiinnnngggg    sssseeeeqqqquuuueeeennnncccceeeessss    ooooffff    bbbbeeeehhhhaaaavvvviiiioooorrrr
ffffrrrroooommmm    tttteeeemmmmppppllllaaaatttteeeessss

CCCCaaaannnn''''tttt    jjjjuuuusssstttt    ssssttttiiiicccckkkk    tttteeeemmmmppppllllaaaatttteeeessss    eeeennnndddd����ttttoooo����eeeennnndddd
– Overestimates the time
– Fails to capture parallelism in human behavior

IIIInnnntttteeeerrrrlllleeeeaaaavvvveeee    tttteeeemmmmppppllllaaaatttteeeessss
– Execute CCCCooooggggnnnniiiittttiiiivvvveeee    operators from a later template in the slack time

in an active template
–  Must consider logical and resource dependencies
– Interleaving embodies a theory of human parallel processing
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IIIInnnntttteeeerrrrlllleeeeaaaavvvviiiinnnngggg    TTTTeeeemmmmppppllllaaaatttteeeessss
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IIIInnnntttteeeerrrrlllleeeeaaaavvvviiiinnnngggg    TTTTeeeemmmmppppllllaaaatttteeeessss
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action with the same hand in the previous operator 
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IIIInnnntttteeeerrrrlllleeeeaaaavvvviiiinnnngggg    TTTTeeeemmmmppppllllaaaatttteeeessss
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IIIInnnntttteeeerrrrlllleeeeaaaavvvviiiinnnngggg    TTTTeeeemmmmppppllllaaaatttteeeessss
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AAAA    CCCCPPPPMMMM����GGGGOOOOMMMMSSSS    MMMMooooddddeeeellll    ooooffff
aaaa    PPPPoooorrrrttttiiiioooonnnn    ooooffff    tttthhhheeee    AAAATTTTMMMM    TTTTaaaasssskkkk

insert 
card

(slow M/C)

4 key
(fast M/C)

1 key
(fast M/C)

Eye Movement

Left Hand

Right Hand 

Cognitive Operators

Visual Perception

System Slow M/C

Fast M/C Fast M/C Fast M/C Fast M/C Fast M/C

START 
Start-Next- 
Trial button 

(mouseDn)

0
0

mouseUp

1 0 0
0

initiate 
move 
c u r s o r

5 0
1 0 0

attend 
info 

(CardSlot

5 0
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move 
cursor 

( C a r d S l o t )

5 8 0
1 5 0

initiate eye 
movement 
(CardSlot)

5 0
200

eye movement 
(CardSlot)

3 0
250

perceive  
target 

(CardSlot)

290
280

verify 
target  
position 

(CardSlot)

5 0
570

new 
cursor  
location 

( C a r d S l o t )

0
7 3 0

attend 
cursor 
@target 

5 0
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perceive 
cursor 

@target 
( C a r d S l o t )

1 0 0
7 3 0

verify 
cursor  
@target 
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mouseDn 
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mouseUp 
(CardSlot)
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1,030

nitiate eye 
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eye movement 
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3 0
1 , 0 3 0
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cursor (4)
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perceive  
target (4)
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new cursor  location (4)

0
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verify 
target 

position (4)

5 0
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initiate 
click (4)
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1 , 4 0 0

mouseDn (4)
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1,510

mouseUp (4)

100
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attend info 
( 9 )

5 0
1 , 4 5 0

nitiate eye 
movement 

( 9 )

5 0
1 , 5 0 0

eye movement 
( 9 )

3 0
1 , 5 5 0

initate mouse 
cursor (9)

5 0
1 ,550

move cursor 
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perceive  
target (9)
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new cursor  location (9)
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click (0)
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mouseDn (0)
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attend info 
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mouseUp (0)
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initiate eye 
movement 
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5 0
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eye movement 
( 1 )

3 0
2 , 6 4 0

initate mouse 
cursor (1)

5 0
2 ,640

move cursor 
( 1 )
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2,740

perceive  
target (1)

2 9 0
2 , 6 7 0

verify 
target 

position (1)

5 0
2 , 9 6 0

new cursor  location (1)

0
2 ,920

unpack PIN 
(OK) 

5 0
3 , 0 1 0

initiate 
click (1)

5 0
3 , 0 6 0

mouseDn (1)

100
3,110

attend info 
(OK)

5 0
3 , 1 1 0

mouseUp (1)

100
3,210

nitiate eye 
movement 

(OK)

5 0
3 , 1 6 0

eye movement 
(OK)

3 0
3 , 2 1 0

initate mouse 
cursor (OK)

5 0
3,210

move cursor 
(OK)
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3,310

perceive  
target (OK)

2 9 0
3 , 2 4 0

verify 
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position 

5 0
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new cursor  location 
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0
3 ,540

initiate 
click (OK)

5 0
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mouseDn (OK)

1 0 0
3 , 6 3 0

mouseUp (OK)

1 0 0
3 , 7 3 0

END

0
3 , 8 3 0

9 key
(fast M/C)

0 key
(fast M/C)

OK
(fast M/C)

    TTTThhhhiiiissss    ppppaaaarrrrtttt    ooooffff    tttthhhheeee    mmmmooooddddeeeellll    ddddeeeessssccccrrrriiiibbbbeeeessss    ����        sssseeeecccc
ooooffff    bbbbeeeehhhhaaaavvvviiiioooorrrr����    aaaannnndddd    iiiitttt    ttttooooooookkkk    oooovvvveeeerrrr    ����    hhhhoooouuuurrrrssss
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EEEExxxxppppeeeerrrrtttt    RRRRuuuulllleeeessss    ffffoooorrrr    IIIInnnntttteeeerrrrlllleeeeaaaavvvviiiinnnngggg
IIIInnnn����ddddeeeepppptttthhhh    iiiinnnntttteeeerrrrvvvviiiieeeewwwwssss    aaaannnndddd    ddddiiiissssccccuuuussssssssiiiioooonnnnssss    wwwwiiiitttthhhh    ttttwwwwoooo    CCCCPPPPMMMM����GGGGOOOOMMMMSSSS

eeeexxxxppppeeeerrrrttttssss    ((((AAAAlllloooonnnnssssoooo    VVVVeeeerrrraaaa    aaaannnndddd    BBBBoooonnnnnnnniiiieeee    JJJJoooohhhhnnnn))))

AAAAtttt    eeeeaaaacccchhhh    bbbboooouuuunnnnddddaaaarrrryyyy    bbbbeeeettttwwwweeeeeeeennnn    tttteeeemmmmppppllllaaaatttteeeessss����    ffffoooorrrr    eeeeaaaacccchhhh    ooooppppeeeerrrraaaattttoooorrrr����
aaaasssskkkk…………

�� Is the candidate operator a cognitive initiate action for resource X? If
yes�

�� Is there enough slack time at the end of the first template to allow
interleaving? If so�


� Are there any logical dependencies preventing the candidate cognitive
operator from interleaving? If not�

�� Have all operators of the same type in the previous template that use X
completed? If yes�

� Interleave the candidate operator and GOTO ��
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HHHHuuuummmmaaaannnn////MMMMooooddddeeeellll    CCCCoooommmmppppaaaarrrriiiissssoooonnnnssss::::
CCCCPPPPMMMM����GGGGOOOOMMMMSSSS    mmmmooooddddeeeellll    bbbbuuuuiiiilllltttt    wwwwiiiitttthhhh    AAAAppppeeeexxxx
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HHHHuuuummmmaaaannnn////MMMMooooddddeeeellll    CCCCoooommmmppppaaaarrrriiiissssoooonnnnssss::::
NNNNoooo    IIIInnnntttteeeerrrrwwwweeeeaaaavvvviiiinnnngggg
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HHHHuuuummmmaaaannnn////MMMMooooddddeeeellll    CCCCoooommmmppppaaaarrrriiiissssoooonnnnssss::::
FFFFiiiittttttttssss’’’’ssss    LLLLaaaawwww    oooonnnnllllyyyy

 

0

200

400

600

800

1000

1200

1400

Fitts's Law
No�Interleaving Model
CPM�GOMS Model
S�� Mean for Trials ������
S�� Mean for Trials ������

TTTT iiii
mmmm

eeee     
(((( mmmm

ssss ))))

CCCC aaaa
rrrr dddd

    SSSS
llll oooo

tttt ���� ���� ���� ����

OOOO
KKKK

WWWW
iiii tttt h

hhh dddd
rrrr aaaa

wwww

CCCC hhhh
eeee cccc

kkkk iiii
nnnn gggg 				 ����

CCCC oooo
rrrr rrrr

eeee cccc
tttt

CCCC aaaa
ssss hhhh

    SSSS
llll oooo

tttt

NNNN
oooo

CCCC aaaa
rrrr dddd

    SSSS
llll oooo

tttt

CCCC aaaa
ssss hhhh

    SSSS
llll oooo

tttt



28 August 2002 VAMS TIM #2 40

SSSSiiiiggggnnnniiiiffffiiiiccccaaaannnncccceeee
AAAAbbbbiiiilllliiiittttyyyy    ttttoooo    mmmmooooddddeeeellll    llllaaaarrrrggggeeee����ssssccccaaaalllleeee����    ddddyyyynnnnaaaammmmiiiicccc    eeeennnnvvvviiiirrrroooonnnnmmmmeeeennnnttttssss

– Automated resource scheduling (template interleaving) makes it
feasible to tackle complex environments

– Templates provide a pre�packaged theory module
– Templates constitute a library of reusable software modules

CCCCaaaappppaaaabbbbiiiilllliiiittttyyyy    ttttoooo    rrrreeeeaaaalllliiiizzzzeeee    tttthhhheeee    llllaaaatttteeeennnntttt        ppppooootttteeeennnnttttiiiiaaaallll    ooooffff    CCCCPPPPMMMM����GGGGOOOOMMMMSSSS
ffffoooorrrr    pppprrrroooovvvviiiiddddiiiinnnngggg    ggggeeeennnneeeerrrriiiicccc    lllleeeevvvveeeellll    ooooffff    mmmmooooddddeeeelllliiiinnnngggg    hhhhuuuummmmaaaannnn����ssssyyyysssstttteeeemmmm
iiiinnnntttteeeerrrraaaaccccttttiiiioooonnnn

CCCCaaaappppaaaabbbbiiiilllliiiittttyyyy    ooooffff    ggggooooiiiinnnngggg    ffffrrrroooommmm    tttthhhheeeeoooorrrriiiieeeessss    ooooffff    iiiinnnnffffoooorrrrmmmmaaaattttiiiioooonnnn
pppprrrroooocccceeeessssssssiiiinnnngggg    ttttoooo    mmmmaaaaccccrrrroooossssccccooooppppiiiicccc    wwwwoooorrrrlllldddd    ooooffff    fffflllliiiigggghhhhtttt    ddddeeeecccckkkk    oooorrrr    aaaaiiiirrrr
ttttrrrraaaaffffffffiiiicccc    ccccoooonnnnttttrrrroooollll
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WWWWeeeebbbbssssiiiitttteeee

ffffttttpppp::::////////eeeeoooossss����aaaarrrrcccc����nnnnaaaassssaaaa����ggggoooovvvv////oooouuuuttttggggooooiiiinnnngggg////aaaappppeeeexxxx////aaaappppeeeexxxx
– Latest versions of Apex (Apex ���b�)
– Macintosh and PC
– Some of the worlds
– Documentation
– Instructions on downloading and running
– Patches
– We are trying to update it regularly to keep it current
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FFFFYYYY''''��������    MMMMiiiilllleeeessssttttoooonnnneeeessss

Develop requirements for a cognitive modeling architecture
that supports rapid reconfiguration of human performance
models

– Vera, A., Remington, R., Matessa, M., John, B.E., Freed, M.A. (2002). Automating
human-performance modeling at the millisecond level. Journal of Human-Computer
Interaction (submitted)

– John, B., Vera, A., Matessa, M., Freed, M., & Remington, R.W. (2002). Automating
CPM-GOMS. Annual meeting of ACM SigCHI, April 22-25, Minneapolis, MN.

– Freed, M. &  Remington, R.W. (2000). Making human-machine system simulation a
practical engineering tool: An Apex overview. In Proceedings of the 2000
International Conference on Cognitive Modeling. Groningen, Holland.

Develop a computational architecture that can interact with
the external simulation environments specified for VAMS
system builds
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OOOOuuuuttttyyyyeeeeaaaarrrr    mmmmiiiilllleeeessssttttoooonnnneeeessss

• DDDDeeeemmmmoooonnnnssssttttrrrraaaatttteeee    iiiinnnntttteeeerrrrooooppppeeeerrrraaaabbbbiiiilllliiiittttyyyy    wwwwiiiitttthhhh    eeeexxxxtttteeeerrrrnnnnaaaallll    ssssooooffffttttwwwwaaaarrrreeee    oooorrrr    ssssiiiimmmmuuuullllaaaattttiiiioooonnnn
eeeennnnvvvviiiirrrroooonnnnmmmmeeeennnntttt    ((((��������////��������))))

• PPPPrrrroooovvvviiiiddddeeee    pppprrrreeeelllliiiimmmmiiiinnnnaaaarrrryyyy    mmmmooooddddeeeellllssss    ooooffff    ccccoooonnnnttttrrrroooolllllllleeeerrrr    aaaannnndddd    aaaaiiiirrrrccccrrrreeeewwww    ffffoooorrrr    BBBBuuuuiiiilllldddd    ����    tttthhhhaaaatttt
mmmmooooddddeeeellll    ddddeeeellllaaaayyyyssss    iiiinnnnttttrrrroooodddduuuucccceeeedddd    bbbbyyyy    hhhhuuuummmmaaaannnn    ooooppppeeeerrrraaaattttoooorrrrssss    ((((////����



))))

• IIIInnnnvvvveeeessssttttiiiiggggaaaatttteeee    aaaannnndddd    mmmmooooddddeeeellll    hhhhuuuummmmaaaannnn    mmmmuuuullllttttiiiittttaaaasssskkkkiiiinnnngggg    cccchhhhaaaarrrraaaacccctttteeeerrrriiiissssttttiiiiccccssss    rrrreeeelllleeeevvvvaaaannnntttt    ttttoooo
aaaaiiiirrrrccccrrrreeeewwww����    ccccoooonnnnttttrrrroooolllllllleeeerrrr����    aaaannnndddd    ddddiiiissssppppaaaattttcccchhhh    ooooppppeeeerrrraaaattttiiiioooonnnnssss    ((((����////����



))))

• PPPPrrrroooovvvviiiiddddeeee    mmmmooooddddeeeellllssss    ooooffff    ccccoooonnnnttttrrrroooolllllllleeeerrrr����    aaaaiiiirrrrccccrrrreeeewwww����    aaaannnndddd    ddddiiiissssppppaaaattttcccchhhh    tttthhhhaaaatttt    eeeexxxxtttteeeennnndddd
pppprrrreeeelllliiiimmmmiiiinnnnaaaarrrryyyy    mmmmooooddddeeeellllssss    bbbbyyyy    iiiinnnncccclllluuuuddddiiiinnnngggg    mmmmuuuullllttttiiiittttaaaasssskkkkiiiinnnngggg    aaaapppppppplllliiiieeeedddd    ttttoooo    ssssppppeeeecccciiiiffffiiiicccc
ccccoooonnnncccceeeeppppttttssss    ((((����////��������))))

• IIIInnnnvvvveeeessssttttiiiiggggaaaatttteeee    hhhhuuuummmmaaaannnn    ffffaaaaccccttttoooorrrrssss    iiiissssssssuuuueeeessss    aaaassssssssoooocccciiiiaaaatttteeeedddd    wwwwiiiitttthhhh    ssssuuuuppppeeeerrrrvvvviiiissssoooorrrryyyy    ccccoooonnnnttttrrrroooollll    iiiinnnn
tttteeeeaaaammmmssss    ffffoooorrrr    ccccoooonnnncccceeeeppppttttssss    iiiinnnnvvvvoooollllvvvviiiinnnngggg    ooootttthhhheeeerrrr    ddddeeeecccciiiissssiiiioooonnnn    aaaaggggeeeennnnttttssss����    iiiinnnncccclllluuuuddddiiiinnnngggg    hhhhuuuummmmaaaannnnssss
aaaannnndddd    aaaauuuuttttoooommmmaaaattttiiiioooonnnn    ((((eeee����gggg��������    ssssuuuuppppeeeerrrr����sssseeeeccccttttoooorrrr))))    ((((����////��������))))

• IIIInnnnccccoooorrrrppppoooorrrraaaatttteeee    aaaaiiiirrrrccccrrrreeeewwww����    ccccoooonnnnttttrrrroooolllllllleeeerrrr����    aaaannnndddd    ddddiiiissssppppaaaattttcccchhhheeeerrrr    mmmmooooddddeeeellllssss    iiiinnnnttttoooo    mmmmooooddddeeeelllliiiinnnngggg
ttttoooooooollllbbbbooooxxxx    ((((����////����))))


